Programming continues to be one of the most difficult skills to master in the early stages of the mechanical engineering curriculum. The disparity between students' incoming and potential skills in a typical "introductory to programming course" is large. This bimodal population creates a huge challenge for designing programming curriculum and instruction methods. The techniques presented here are all themed around employing peer learning inside and outside the classroom. Peer learning has been shown to help both the peer leader and the peer learner 1 . With such a wide range of abilities among the students, peer learning serves as a way to enhance the learning environment for both modes of students.
Introduction and Background
The course was designed and ran for the first time in Spring of 2013. The course design and its effectiveness are described in detail in a previous paper 2 , but a brief summary will be provided here. This is a second semester, freshmen level engineering course. The majority of the class is Mechanical Engineering majors and this is their first and only programming course in the program. Electrical Engineering majors are also required to take the course, but they take a programming course in Java, in addition. The primary course goal is for students to learn introductory programming concepts such as using loops and conditional statements, writing functions, and developing algorithms to solve problems. The programming is mainly applied to numerical methods, data analysis, and statistical concepts relevant to engineering. The course is taught in the engineering department by a mechanical engineering faculty member, who's research background is in computational fluid dynamics. The curriculum employs many of the newer pedagogical approaches including a pseudo flipped classroom 4 , Process-Oriented Guided Inquiry Learning (POGIL) method 5 , clicker questions, and kinesthetic lectures 6 . In addition, traditional techniques are still used such as an abbreviated, concise board lectures and handwritten exams.
Aside from the peer learning methods implemented and discussed in this paper, the other significant change that was made from Spring 2013 to Spring 2014 is the total amount of in-class contact hours. As of Spring 2014, the course meets twice per week for 1 hour and 50 minutes, which is an increase of 70 minutes in-class contact hours per week. This was done not only because of the instructor's preference, but it was also requested by the students at the end of the year survey.
The motivation of incorporating these peer learning techniques was in response to the obvious bi-modal nature of students' ability to program. The advanced pedagogical techniques discussed above (flipping, POGIL, clickers, and kinesthetic lectures), which allow for a variety of learning styles to be successful helped bridge the gap between the programming superstars and the students who struggled to grasp even the basics. Quantitative and qualitative evidence showed these to be effective. However, the inclusion of the peer learning instruction further narrows that gap. These methods will be described in detail in the following section, which will then be followed by the data collected to show their overall effectiveness.
Methods
Between the Spring 2013 and Spring 2014 semester of the MATLAB programming course, three new peer learning methods were implemented. This section will detail these methods and the results will be summarized in the following section. The three methods include: [I] implementing a peer learning group (PLG) program; [II] peer discussions after in-class clicker questions; [III] student created video content, that was posted on YouTube.
I. PLG program
The PLG program included to two features: PLG leaders helping in the class room and optional weekly PLG help sessions. Each semester, two PLG leaders were hired to help with the class.
Requirements for the position were that the student had taken the course the previous year and received a "good" grade. There was not a specific grade requirement, but all four PLG leaders who were hired received A grades. The instructor surveyed the class at the end of the year to see who was interested in being a PLG leader. From there, she offered the position to students who had shown excellence in the subject matter and who showed evidence of teaching. The nature of the class makes it very easy to spot students for this position because students are working together and helping each other debug for at nearly 2 hours a week.
The first duty of the PLG leaders was to be present during work time during the in-class contact hours. They spent the majority of their time helping students with their assignments. This could be helping a student use a new MATLAB function, to helping a student sort out the logic of their algorithm, to helping students debug their code. Many of the universities who run larger Learning Assistant programs, put a lot of emphasis on the learning assistants being strictly in charge of assisting with the learning and not responsible for any grading 7 . The idea is that they are a peer resource that students should be comfortable confiding in without risk of it negatively impacting their grade. In the 2015 Spring session of this course, PLG leaders were responsible for "signing off" completion work while in the session. This did not seem to negatively impact the PLG leader and student relationship since it was purely a completion grade.
The second duty of the PLG leaders was to hold weekly, option PLG help sessions. These sessions were two hours in length. They started with a 15-minute question and answer period. They were followed by a 45-minute programming activity. This activity was prepared by the instructor to give students addition practice at whatever that week's topic was. The last hour of the session was for students to work on that week's assignments and get help with them as necessary. PLG leaders were trained on some basic pedagogy and learning topics using the pedagogy course materials designed by CU-Boulder's learning assistant program 1 run by the instructor and the director of the university's Center of Academic Excellence. During these sessions, everyone checked in and talked about how things were going. From these discussions, it was evident that the effectiveness of the PLG help sessions was greatly influenced by the individual PLG leader. This will be discussed in detail in the Results section.
II. Peer Discussion after in-class clicker questions
Clicker questions were developed and used for the inaugural semester of this class. A discussion of types of questions asked and sample questions are provided in the previous paper on the design of this course 2 . In summary, clicker questions were used at the start of every session and reviewed material from the previous session. They often included a sample code that students had to read and report what the output of that code would produce. In the Spring 2013 version of this course, students simply answered the question, then the instructor discussed the answer and how to get to it. In the Spring 2014 and Spring 2015, peer discussions were added. This was based off of the added benefit to student learning and enhanced conceptual understanding of material when clickers incorporated peer discussion 3 . Instead of using clickers as only an assessment of individual student's understanding of review material, clickers can be used to motivate student discussion and encourage peer explanation of material.
The procedure for effective clickers is to put up a question for students to answer and ask them to first individually answer the question. After giving them enough time, the poll is closed and the distribution of answers is analyzed. If approximately 80% of the class or less has the correct answer, a discussion period follows. The instructor explains, "please talk with your peers at your table, come to a consensus on what the answer should be, and click in your answer to this question for a second time." After a few minutes of discussion, the instructors stops the poll again and looks at the results. This process takes substantially longer than just asking the question, which is why its effectiveness needs to be very evident to be worth while.
III. Student created video content
The final form of peer learning was implemented in the form of a required video project assignment. Each student was required to create a short video (less than three minutes) explaining one of the thirteen course topics. There was an online sign up system on the course management that evenly distributed the students to all topics. Students were allowed to work alone or with a group. Although the author of this paper thought the student created video content was an original idea, there are other instances of it used in both business courses 8 and chemistry courses 9 . The marketing and accounting classes found the creation and watching of the video content to be both entertaining and useful 8 . There are many variations of this idea including student created questions and answers for physics courses using PeerWise 10 or using a collaborative Wiki page for student generated content 11 .
Other research in video educational content has shown that there are a few important features of educational videos that make them most effective 12 . First, shorter videos are most effective. For this course, three minutes was chosen as the cutoff because that is a typical length for many of the successful science YouTube channels (e.g. ASAPscience, Minute Physics, SciShow, Khan Academy, etc.). Second, they recommend both informal talking head videos or Khan style tablet drawing videos, as those were found more engaging. These recommendations were provided to the students and they were encouraged to be creative and entertaining.
Results
The three forms of peer learning were assessed and evaluated over the course of two semesters. Data was collected in the form of student survey questions, student scores on assignments or exams, and students' performance on pre-and post-tests. Each of the three forms of peer learning will be evaluated and discussed individually in the following sections.
I. PLG Program
Effectiveness of the PLG program was measured in a variety of ways. First, the students were surveyed at the end of the semester. They were asked to choose which learning method was most helpful for their learning: the POGIL worksheets (WS), the creation of exam toolbox sheets (TB), their programming assignments (PA), the in class lecture, the in class work time, the PLG leaders/sessions, the video projects (VPs), all, or none. The responses for the Spring 2015 version of this course are shown in Figure 1 . The percentages above each bar is the average grade of the students who responded with that option. It is clear that the students felt that the PLG leaders and sessions were helpful, however, the average grade of the students who chose that as "most helpful" is the lowest of any other group. Ten students chose programming assignments (PA) as the most helpful and that group has the second highest average grade of 87%. While this might not be enough data to make grand conclusions, this result was also observed by the instructor in a more qualitative way. A more thorough explanation of this will follow. In both Spring of 2014 and 2015, the useful of the PLG sessions was very dependent on the individual PLG leader. During both semesters, there was one PLG leader (PLGL1) who followed the exact procedure laid out in the methods section (15 minutes of Q&A, 45 minutes of prepared exercise, 1 hour of work time). Additionally, each semester, the other PLG leader (PLGL2) did not follow the procedure and spent the majority of the time helping students with their assignments. PLGL1 had a small group of students who attended the sessions each week. These students were not struggling in the class, but actually using these sessions to enhance their already proficient level of understanding. PLGL2 had a much larger group of students who attended the sessions immediately prior to the deadline of assignments. These students were typically in emergency mode and the large mass of them resulted in PLGL2 providing lecture style instruction on how to complete their assignments. This group of students left the sessions with a completed assignment but with almost no understanding of why or how. Again, this was a large group of students and these students were struggling with the concepts and not able to answer even simple questions about the assignments while they were being checked by the instructor. This is the primary way that PLG sessions can be misused and unfortunately that was the case.
Students were asked to rate how useful the PLG sessions and PLG leaders were in improving their learning. The rating was 1 (not useful at all) to 9 (essential). Out of all the students enrolled in the Spring 2014 and Spring 2015 courses (89 students total), the average rating was 6.8 (69 total students participated in the PLG program, 77.5% of the total). The students who did not use the PLGs did not respond to this question. Therefore, 77.5% participated, which is an interesting result for an optional session. One might say that getting students to engage in these sessions at all is a success. Students were also asked if they had any interest in becoming a PLG leader: 13 reported "yes" they would like to be a PLG leader for this class and 32 reported yes they would like to be a PLG leader for another class. A big part of the continuity of the Learning Assistant program is that it is self promoting. This was found to be case. The final results section titled, "General" will summarize some of the metrics used to measure success of this class.
II. Peer Discussions after Clicker Questions
During an end of the semester survey, students were asked, "did you find that the clickers and clicker discussions with your peers helpful to your learning?" Out of all 89 students from both Spring 2014 and 2015 classes, 60 students (67.42%) said "yes", 0 students said "no", and 21 students (23.60%) said "a little". Observationally, students were incredibly engaged in the peer discussions after the clicker questions. The chance to think and answer independently is very important. Towards the end of the Spring 2015 semester, students were assigned seats. This actually greatly enhanced the already successful clicker peer discussions. Several students voiced their support of assigned seating and wished it was that way the entire semester.
Data was collected on the percentage of students answering clicker questions correctly before and after peer discussion. This data has been collected for each semester, when peer discussions were implemented, however, only Spring 2014 data is presented in Table 1 for conciseness. The same trend has been consistent in three years of teaching a wide variety of classes using this method. The table shows the percentage of students who answered the clicker question independently, before peer discussion (Independent Q#) and after peer discussion (Peer Q#).
The difference between the two is also shown in the adjacent cell. This data is with students' self selected seats, so they are typically discussing these questions with their peers. In all instances, the peer discussion results in more students arriving at or being convinced of the correct answer. One important note is that clicker questions are typically covering fairly new material, often times the material was introduced for the first time the previous session. Also, questions are only asked twice when there is not an obvious consensus among the class. While the data in Table 1 clearly demonstrates that peer discussions lead to more students clicking in the correct answer, it does not indicate how effective the discussions are at students' understanding of the content. The survey data presented above indicates that students feel that the peer discussions help with their learning. Further effectiveness is measured by more quantitative data presented in the following "General" section of the Results. Table 1 -Summarizes clicker question responses for questions that were asked first as an independent response (Independent Q3) and a second time after students discussed the answer with their peers (Peer Q#). These results are from Spring 2014 semester. After this time, data was no longer collected because clicker responses after peer discussions have always increased the percentage of correct responses.
One very interesting result of this practice of peer discussion during clicker questions happened in a different course taught by the author. In this course, the same procedure was followed as described above for asking for independent responses, initiating peer discussion, and asking for a second response. The clicker question shown in Figure 2 was asked. What was surprising is that the students independent response had the majority of the class clicking in the same wrong answer (see Table 2 ). It is not unusual for the majority of students to have the wrong answer, but it is rare for there to be a misconception which leave the majority of the students with the same wrong answer. After the peer discussion and with no instructor invention, the students convinced each other of the correct answer. In one section, only some of the majority was convinced to move to the minority (correct answer), which is remarkable. In the second section, the instructor did mention that the majority was incorrect (however, did not state what the majority answer was) and the class as a whole determined the right answer through their discussions. While this data is not from the MATLAB programming course, it has been added to this paper because it shows how powerful peer discussions can be. Figure 2 . The color red highlights the correct answer.
Section 1 Section 2 Independent
Peer Independent Peer  A  16%  41%  28%  98%  B  10%  4%  12%  0%  C  71%  51%  55%  2%  D  4%  4%  3%  0%  E  0%  0%  2%  0% Clicker questions were designed for this class and several were presented in previous work 2 . The types of questions where peer discussions were most effective were the questions that had students reading and understanding code. Sample clicker questions of this nature are provided in Figure 3 . 
III. Student Created Video Content
The end of the semester survey asked students two questions about the video projects. The first was, "did creating video content help with your learning?" The second was, "did watching video content created by your peers help with your learning?" Students' responses are summarized in Table 3 . These responses indicate that about 1/3 rd of the students found that both creating and watching video content did not help with their learning. This was mirrored in the narrative evaluation feedback provided by the students. Many commented that they found the video projects time consuming and not useful. The quality of the students' video projects varied greatly from the student to student. A large percentage of students' videos were comprised of a power point, computer screen capture with a voice over. These videos were not remotely engaging and difficult for even the instructor to watch. It was explicitly stated in the project assignment and by the instructor that if students created a video of this nature that they would receive the lowest rubric grade. However, many students came up with creative video ideas and very interesting content. Most students used their smart phones or laptops to record the video. Some of them used phone apps to edit and create videos, as well. To illustrate how creative some of the video content was, a few samples will be provided here:
1) A skit where the MATLAB student showed his friend how MATLAB worked (Topic: MATLAB Basics). Video was done on a smart phone (not turned) and was un-edited.
2) Several students did board talking head board lectures, which were quite nice.
3) A MATLAB rap about statistical functions was a favorite. The MATLAB student is in the middle and her roommates are backup dancers. Rap lyrics provided below. Next would be the median, which is the middle value I can also find the mode, or the most frequent value if I was doing MATLAB, I'd find the measurement, I'd find the measurement tell me the mean or tell me the mode, even the median or your standard deviation it is the variation of the mean or aka spread of data I'm going to show you variance, which sit eh same as standard deviation but without the square root the co variance is the strength of correlation between two data sets this is how we get the correlation coefficient swag 4) A MATLAB film on integration and differentiation where the students acted out their frustrations with analytically doing calculus and thus, learn how to use MATLAB instead.
5) Animated cartoon-like videos using some free software available on-line.
6) Some really good examples and explanation of how to use MATLAB through demos. This one incorporated a fun theme throughout. This student wrote a program that calculated how interesting she was and then went around campus asking people how interesting she was. It was funny and engaging! All videos can be found in playlists here: youtube.com/ProfessorReckinger. Many of the student videos were taken down after the class ended, but there are still 70 posted.
IV. General
One of the factors of interest in this work was understanding the right balance between students independently working and working with peers. After the midterm exam, the instructor always surveys the class and provides some feedback on correlations between students responses and how they are doing in the class. The students were asked to rate how independently they worked on a scale from 1 (always work alone) to 9 (always worked with others). Those ratings were correlated to the score they received on the Midterm Exam, which can be see in Figure 4 . This is used to help students see how other students are finding success with their learning habits. The data shows that overall, students who spend more time independently thinking are more successful on the exam. This is not to discourage peer learning, but to show that independent thinking is also very important. Figure 4 -Correlation between students' midterm exam grades and their self rated independence in the class. The rating is 1 (always works alone) to 9 (always works with others).
Students are also asked to rate their "affect" of the class or "how much they are enjoying the class" on a scale of 1 (not enjoying) to 9 (enjoying). The correlation between students affect and midterm exam grade is shown in Figure 5 . It is clear, not surprisingly, that there is a correlation. In an end of the semester survey, students were asked "after taking this course, have you developed more of an interest in programming?". Out of the total 89 students in the Spring 2014 and 2015 courses, 62 (69.66%) said yes. This was a great result and perhaps the most important result of all. It was very encouraging that after taking the course, nearly 70% of students felt positively about the subject matter and were more interested in it than they were prior to taking the course. Some useful feedback given at the end of the year course evaluation (from Spring 2014 and 2015 mixed) by students is shown in Table 4 . This is more of an overall result of the four years of course development and not specifically addressing the effectiveness of peer learning. Table 4 -Narrative responses from students from Spring 2014 and 2015 evaluations.
Before this class I knew nothing about programming and saw myself as helpless with computers in general. I was extremely worried about this course during the first few classes of the semester. By applying myself, and with the help of a capable, well organized professor, I have mastered all of the material in this course and have one of the highest GPAs in the class. Great course. Requires dedication to work and a wanting to learn. Programming isn't something that just happens, you have to make an effort at it to become good. Everything we did in class reinforced the lectures, and challenged us to think for ourselves about how to solve a problem. Yes, we did have some difficult assignments, but struggling through the work to figure it out facilitates learning much better than being given the answer. I know a lot more now after taking this course, more than I thought I's know because I knew how tough it was. Great teacher as well. function Survey i = "how much I enjoy the class" if i > bad good review end end ans = good review This class was unlike any I've taken before. When I signed up for a two hour class two times a week, I was dreading going to it because I thought the entire class would be a lecture. It was the exact opposite. After a brief lecture we the students were allowed to branch off and do our own work, working together in groups and trying to solve our own problems, with limited interference from the professor. This course was easily one of my favorites this semester,and hope other classes will take this style of teaching for their classes someday, because this was a system that worked.
The quantitative evaluations are summarized over the entire existence of the course in Table 5 . The morning section shows steady growth through semesters where peer learning was In the IDEA evaluations, the students are asked several questions on "fostering student collaboration". In the previous paper on this class, the Spring 2013 evaluations showed a suggested action of "consider increasing" in this area because only 64% of students rated this a 4 or 5 out of 5. In the Spring 2014 evaluations, the response was 89% and 88% for each section.
In the Spring 2015 evaluations, the response was 89% and 68%. The afternoon section of the Spring 2015 semester is again an outlier. It makes sense that students might rate that low as a result of the academic misconduct that took place in that section.
A pretest and posttest were used to be more quantitative about students' learning. Unfortunately, this was implemented for the first time in Spring 2014. Therefore, data was not collected prior to peer learning techniques being added. Questions for this test were taken from a study 14 , which pre-tested the students prior to taking an introductory programming class. The pretest was comprised of general logic, algorithmic, and math questions that they hypothesized were predictive of programming ability. They found that from over 800 students, that students' performance on the pretest correlated with their success in the programming course. The pretest was used for this course, however, it was also used as a posttest. Figure 6 and Figure 7 show how well the students' pretest and posttest scores correlate to their final grade for both the Spring 2014 and Spring 2015 courses. This data indicates that there is a weaker correlation to students success in programming to their pretest score than there is to their posttest score. This means that perhaps the skills being tested (logic, algorithmic, and math) are not pre-reqs to programming but actually skills that can be further developed through an effective programming course. A summary of the average test pretest and posttest scores is provided in Table 6 . Students are consistently scoring better on posttests than pretests, which is great. Data is also included from the Fall 2015 version of this course. Please note this course is taught a different university, where the author now currently teaches at. However, it does in corporate the peer learning techniques discussed here (with the exception of the video projects) and uses the original course design. The Fall 2015 version is primarily second year Mechanical Engineering majors. Table 6 -Summary of average pretest and posttest scores for the course. Please note that Fall 2015 scores are at a different university, with a slightly adjusted curriculum. *Indicates only the students enrolled in the author's lab section, however, the entire course was co-instructed and followed this course design with the exception of the video projects. Those were omitted due to the decrease in course credits.
Discussion
Overall, the course is progressing to a successful learning environment for most students. With the careful course design and the addition of peer learning techniques, most data indicates that the course is effective. Pre and post test scores indicate not only that students are developing the desired skills that the course sets out to teach, but also that students are leaving the course knowing more than when they started. Course evaluations show an increase each semester in student's overall evaluations of course learning outcomes achieves, the course overall, and the instructor overall. Students reported a positive affect towards programming once they leave the course, which is a very important result. This could be the single most important result of this course.
Assessment of the effectiveness of each peer learning technique is less straightforward. The PLG program is well received by students and they respond that they find it helpful. However, data indicates that students who have found it most helpful having the lowest average grades in the class. This could mean a few different things. One option is that it could mean that the availability of peer helpers to the students is not requiring them to develop enough independence in their learning and they would be better off without them. The other option is that without the PLG program, these students would be even worse off and may not even reach proficiency to pass. The peer discussions after in class clicker questions are incredibly effective and an easy peer learning technique to implement. Students found these helpful and clicker response data also shows their effectiveness. Finally, the student created video content is the least convincing peer learning technique tested. While the best video content was creative, engaging, and impressive, the majority of video content was dull and forgettable. This results in mediocre student interest in watching the content, but also in their ratings on how helpful it was for their learning. This could potentially work better for a different class or with a slightly modified project assignment. It would very likely be more effective if it were more heavily weighted.
Future Work in Peer Learning
The work presented here inspired the exploration of peer learning in new ways in a Fall 2015 Thermodynamics course. This will be discussed in more detail in later work, but summarized here for its applicability to this work. The following peer learning techniques were tested: group quizzes, the Piazza Q&A platform 15 , and peer solutions to example problems in class. When asked if students thought that group quizzes helped their learning, 66/101 responded a 4 or 5 out of 5 for helpfulness. The Piazza Q & A platform was a huge success. There were 129 posts, 564 total contributions, 121 instructor responses, 39 student responses, and an average response time to a student's question of 42 minutes. Also, over half the class said they were more likely to use it over a course management system's discussion board. Having students present problem solutions in front of the class was less clearly effective. Survey data indicated that about a third of the class were neutral about how much it improved their learning, a little more than a third thought it was helpful, and a little less than third did not find it helpful.
